Abstract-A shortage of executive-level technical talent exists in industry that is not being filled by educational institutions. The University of Alabama, Birmingham (UAB) worked with corporate executives to identify how the talent gap could be closed. This paper gives the results of two years of work in the development of a new Master's degree specialty in the Department of Electrical and Computer Engineering Department, UAB. The entire process from defining the objectives of an educational program to developing courses and managing a special group of executive students is covered.
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I. THE NEED

C
OMPUTERS today are everywhere in industrialized society. They accept, store, manipulate, and generate vast amounts of information at speeds that far exceed anything humans could achieve without such tools. This information has become the lifeblood of multibillion-dollar global corporations that provide the technologies that make our lives comfortable. Information technology (IT) professionals are needed to manage these complex systems and the information they contain. These IT professionals must know more than simply how to design and build tomorrow's information systems. They must be cognizant of the business implications of their designs as well. They must be able to make sound management decisions that provide strategic value to the enterprise, while simultaneously enhancing the operation and security of the information systems they are charged with maintaining. With industry's need for IT professionals comes a corresponding need for robust, relevant IT curriculums in the academic realm to satisfy that call.
A. Industry Demands for Skilled Upper Level Management
Although a major shortage of IT workers exists in the U.S. [1] , [2] , indications are that the shortage of executive IT talent is even more critical. This shortage of executive IT talent seems to manifest itself in two ways. The first is in the lack of business understanding among IT professionals. According to CIO Magazine, IT professionals that plan to move up in the company need skills in communications, business processes, strategic planning, and then in technology [3] . The point is that the understanding of key information technologies and technical concepts is critical, but to be able to apply that understanding in the context of making a profit and delivering a service is the true value of IT executive talent. However, program industry advisors indicate that it is no longer enough for this understanding of business imperatives to remain among the "C-level" executives. Companies today need "information engineers": not simply software engineers, computer engineers, or even business administrators, but all of these combined. The other way the lack of executive IT talent manifests itself is the void of technical understanding at the upper levels of management. The technical experts often come to work for a corporation and find themselves diving into the technical details of their systems. However, when the need for upper-level management in IT arises, these technical managers tend to be weak candidates for executive positions like Chief Information Officer (CIO) and Chief Technology Officer (CTO). As a result, these technical executive positions are filled by those with little technical understanding.
B. Weakness in Employees Trained in Engineering
Employees with robust technical skills typically lack the business savvy their business management peers possess. These "techies" often have little appreciation for the "big picture," such as the business imperatives of managing profits and minimizing risks. Even worse, technical experts tend to drag their product and technology biases with them. To them, every problem can be solved with their favorite technology solution or vendor. Profits, losses, and balancing priorities are to be left to the "business guys" in the boardroom. Even experienced technical managers sometimes focus more on the classical engineering disciplines and less on the business aspects of IT [4] .
C. Weakness in Employees Trained in Business
Employees with business backgrounds and MBAs, who are often tapped to fill these executive technology positions, seem to have the technical jargon down. But few have a good understanding of the information and computer assets they are charged to manage. These capable leaders, appointed for their business savvy and managerial skill, nevertheless are at a loss to grasp the full extent to which their company has come to rely on IT assets in the New Economy. Their skills cannot be properly brought to bear on the strategic importance of IT in their industry. This lack of technical expertise in upper management sets both the CIO and the company up for failure. Technical 0018-9359/03$17.00 © 2003 IEEE MBA programs have cropped up at many universities to address this problem by providing future business leaders with some technical awareness during their business education. These programs, however, typically lack the engineering principles necessary to prepare future CIOs for the technical decisions they will face [4] .
D. Results of the Lack of Technical Management on Industry
According to the Standish Group, West Yarmouth, MA [5] , 40% of IT application development projects are canceled before completion. 33% of the remaining projects are "challenged" by cost/time overruns or changes in scope. Together, failed and challenged projects cost U.S. companies and government agencies an estimated $97 billion in 1998.
II. PICTURE OF THE SOLUTION
A. Recognizing the Need for an Information Engineering Specialization Based on Industry's Needs
At the University of Alabama, Birmingham (UAB), a program was designed to meet the industrial needs cited previously [6] . The Information Engineering and Management (IEM) Program is housed within the School of Engineering under the Department of Electrical and Computer Engineering (ECE), since it is a natural derivative of the ECE discipline. To determine course content, industry executives were asked what skill sets they needed for their upper-level technical management. These skills were then mapped into courses. It quickly became obvious that, to address industry's needs, a graduate program was necessary, rather than a new undergraduate curriculum.
B. Need for Industry-Savvy Faculty
The next obvious conclusion was to provide industry-savvy faculty to teach the courses. The faculty administering and teaching the program must be comfortable with industry and have a working knowledge, preferably through years of industry experience. In addition, they also needed to have academic credentials (i.e., be qualified to teach graduate-level coursework in a university setting).
C. Need for Students to Have Industry Experience
The students participating in the IEM Program should bring more than an undergraduate degree. They should bring a minimal amount of industry experience, preferably IT-type experience.
This experience, however, will still vary significantly in any incoming student class. Some have deep programming knowledge, while others are purely business analysts with no programming experience. Some may have technical degrees. Others will have nontechnical degrees but will still have relevant work experience. This variation adds to the overall value of the program, allowing for different points of view, different objectives, and different outcomes in student projects, classroom discussions, and course feedback. In addition, this variation among skills correlates to "real world" work places.
Because of the advanced nature of many of the courses, there is not sufficient time in 18 months to bring newcomers to the field up to speed on the issues, technologies, and processes relevant to IT. The experience requirement ensures students come into the program with a basis of understanding, allowing instructors to concentrate on advanced technologies and issues that provide growth for all students. The need for this experience requirement was evident in the first two classes of students, some of whom were looking for career change opportunities. None of those from outside the IT career field survived the first semester.
D. Scheduling for Professionals is Critical
With the need to train experienced and skilled IT workers addressed, a remaining obstacle in building a successful program was to provide a scheduling option that would entice IT professionals into the classroom. The IT workforce typically works more than the standard 40-h work week, leaving little time for afterhours graduate studies. Given these typical IT work schedules and the reluctance of potential students who work full-time to attend night classes, the decision was made to offer a weekend program. However, unlike many Saturday and Sunday meeting programs, a compromise was introduced to meet only one Friday and Saturday each month, requiring some commitment and sacrifice from both the employer and the student. Feedback from the initial IEM class indicated that this schedule was a major factor in deciding to enroll in the program.
E. Mix of Industries Important to Get Good Mix of Technology Issues
A mix of several industries and companies represented in each class was needed to allow maximum interaction and learning.
III. THE UAB IEM IMPLEMENTATION
A. Content Development
Industry executives identified several major skills that they felt were critical for managing technical enterprises. The faculty created topics to address these skill needs and then mapped these topics into courses. Several existing courses met many of the requirements, some needing slight modifications of material. Other courses were created to fill the needs. The list of skills and the mapping to courses is shown in Table I .
B. Schedule Development
The planned curriculum format consisted of a three-day seminar in the summers and coursework on one Friday and Saturday per month during the regular school year. Occasionally, the schedule required multiple class meeting weekends in a single month in order to conform to normal semester grading periods.
The program was set to expose students to two courses per term. The final schedule is shown in Table II. Note that the seminar consists of two summer terms, one before the first fall and one after. The seminar is the only course where incoming students have the opportunity to interact with the students who have completed one year of the program. This crossover feedback seminar schedule allows for valuable interactions between students at different stages of the program. 
C. Costs
As with any new venture, costs were incurred in developing the IEM program. Several choices caused overall costs to increase: weekend programs, using industry faculty, serving refreshments during seminars, etc. To cover these extra costs, tuition costs were supplemented with special course scheduling fees. However, even with the additional fees, the program costs borne by the students fell well below other executive graduate programs. An exit survey conducted with the first group of students to finish the program indicated that the value of the program to the students justified a twofold increase in cost.
D. Recruiting
Recruitment of students was initially directed through contacts with local industry and the School of Engineering's Foundation Council, made up of local business executives. Several council members became aggressive recruiters for students, which resulted in many of their employees entering the program. Other means of recruiting included the UAB web site, IEEE mailing lists, and word of mouth. After the initial class of students began taking courses, these students themselves became active recruiters.
E. One Course Plan: No Electives
An unusual feature of this program is that students are given an entire course plan to follow, with no elective courses. Courses are taught in order, with only one offering per term. Students take classes with the same group throughout the program, and only students in the IEM program are allowed in the classes. This type of course plan provides a cohesive environment throughout the 18 months the students are in the program. It also gives students the chance to get to know one another well. This familiarity is important when teams of students must be put together for the many group project assignments throughout the program. Since all students are current IT professionals, their varied backgrounds complement each other to combine into strong team relationships. This closed environment also creates a tension level that was specifically designed into the program, in order to inject reality. Coworkers who have worked side-by-side develop working relationships that include both positive and negative feedback systems between and among individuals. By keeping students together throughout the program, IEM students develop similar relationships, which provides students more realism when tackling group tasks. Students learn from each other and identify their own and their team's weaknesses and strengths. The resulting deliverables tend to be much stronger than if students had no prior history together in each class.
IV. SPECIAL ISSUES
A. Using Venture Capitalists in the Technical Entrepreneurship Classes
In the final year of the program, one of the greatest successes was the entrepreneurship courses. Many MBA programs and a few engineering programs have begun offering an entrepreneurship element. The decision was made to make this aspect real and to give the students the full experience of an entrepreneurial effort. Since most students came from large companies, they had never been very close to the tough decisions involved in making a profit at a small company. Likewise, they had never seen the great chasm between a great idea and the creation of a market for the idea. First, a venture capital (VC) consulting firm in Atlanta, GA, came in and taught the basic process of identifying a marketable idea, writing a business plan, and securing capital to fund a startup venture. The textbook used was developed by this consulting firm for workshops [7] with real entrepreneurs. A second VC firm was brought in to evaluate the ideas developed by the class and negotiate contract terms of a possible working relationship with each team.
The class consisted of three self-selected teams who each had to develop an independent product idea. True to the nature of engineers, some very innovative product ideas were developed and some very excited engineers were ready to impress their VC audience. However, as expected, the VCs hit back hard with the reality of the "great ideas" not having a true market. Knowledge of the market place and what has been tried and has failed could not be matched by any other methods of teaching. After all, VCs are paid to look at ideas everyday. A result of this experience was that this group of engineers became much more aware of their weak understanding of the importance of marketing in making a profit, a lesson well learned.
This experience provided real-world relevance to the class because the players involved were real-world venture capitalists doing their job. Students learned what it takes to sell their ideas to investors. Venture capitalists gave relevant feedback to students in developing business plans and negotiating deals for a startup venture.
B. Student Job Changes
Many of the project assignments were developed with the idea that students would learn more about their own businesses and bring actual business problems to class to resolve. By bringing their work into the classroom, the intent was to benefit both the students (as outside observers of others' issues) and as employees of the company they were in (and their employers, who would have the benefit of solutions to pressing business problems). However, one of the side benefits of bringing peers together in an academic environment is the crosstalk that often leads to recruiting. Several students changed jobs during the program, often going to work with fellow students who recruited them into their own companies. This recruitment among students became a sensitive issue when project assignments related to the previous employer's concerns and not the new employer. Subsequent course instructors found themselves revising project assignments to retain enough flexibility to accommodate these frequent job changes.
C. Conflicts of Interest
Another challenging element of such a program related to conflicts of interest. With faculty and students coming from positions of influence in industry, some issues were raised. Some students were customers of faculty members who came from industry. Other faculty members had previous working relationships with students. While all were expected to act ethically, and it does appear that all did, the potential for student and faculty conflicts of interest presents some interesting challenges for the future. The situations experienced in the IEM program's first year were resolved by asking other faculty to act as neutral parties to review each potential case and provide guidance when necessary to eliminate any appearance of impropriety. The program director was also intimately involved in some classes to ensure any issues were resolved. The nature of the program is such that a similar situation will exist each year and will require continued vigilance to ensure no conflicts of interest arise.
Another concern was the presence of competitors' employees in the same class. This situation led to interesting relationships when these competitors worked on the same project together. It occasionally limited the amount of information that could be presented in class regarding a student's solution to company problems. Nondisclosure agreements between faculty advisors and students were sometimes necessary to protect sensitive corporate information. On the other hand, some competitors found their working relationships in class fostered new opportunities for company alliances in their work.
V. CONCLUSION
Surveys of the first class to complete the program indicate that the program hit dead center on what the students needed. Most students brought away information and skills they never expected to get, and all students indicated that their perspective on their job and career had broadened. The survey indicated the chance to work with venture capitalists was a very worthwhile experience, even if they had no intention of being involved in startups. For all students, the relationships that were formed across business and industry lines were one of the most valuable experiences of the program. As one graduate indicated: "I miss it already."
